Abstract. We investigate the structure and magneto-transport properties of thin films of the Co2Cr0.6Fe0.4Al full-Heusler compound, which is predicted to be a half-metal by first-principles theoretical calculations. Thin films are deposited by magnetron sputtering at room temperature on various substrates in order to tune the growth from polycrystalline on thermally oxidized Si substrates to highly textured and even epitaxial on MgO (001) 
Introduction
The efficient injection of spin currents into non-magnetic materials, which is a prerequisite for many future spintronic concepts [1] to work, requires materials with high polarized, rendering these materials ideal sources for efficient spin injection into semiconductors and for high magnetoresistance values in giant and tunneling magnetoresistance (GMR and TMR) devices. However, despite enormous experimental efforts, there has been no clearcut experimental report yet on half-metallicity at room temperature (RT).
The Co-based full-Heusler compounds (e.g., Co 2 Cr x Fe 1−x Al, Co 2 MnSi, and Co 2 MnGe) have been intensively investigated mainly because of their high Curie temperatures [7, 8, 9] . The specific L2 1 structure of ordered full-Heusler alloys has the advantage of the absence of empty lattice sites compared to the half-Heusler compounds (e.g., NiMnSb) [10] , which makes them less susceptible for site disorder. It is widely accepted now that structural disorder destroys the half-metallicity. In this respect, NiMnSb is a well studied example [11, 12] .
Site disorder is thus a critical factor for deteriorating the full spin polarization predicted for the perfectly ordered Heusler structure, particularly in very thin layers used in real devices. Yet, the question is to what extent site disorder is tolerable, i.e. leaves at least a high spin polarization value close to 100%. It has been predicted by Miura et al. [13] that in the case of the Co 2 CrAl
Heusler compound in the B2 structural modification, site disorder between Cr and Al is less critical and allows for 84% spin polarization. Experimentally, Block et al. [14] have reported that Co 2 Cr 0.6 Fe 0.4 Al (CCFA) bulk material in the ordered L2 1 structure exhibits 30% magnetoresistance at RT in a magnetic field of 1 kOe. Shortly thereafter, Inomata et al. [15] have found 16% TMR at RT in structures containing CCFA as one ferromagnetic electrode. These findings have motivated our work on the Co 2 CrAl Heusler compound doped with Fe.
In this study, we investigate the structure and magnetic properties of CCFA thin films grown by magnetron sputtering. Various substrates (e.g., SiO 2 , GaAs, MgO) have been employed in order to tune the growth from polycrystalline on thermally oxidized Si substrates to highly textured and even epitaxial on MgO(001) substrates. Finally, we report on a high magnetoresistance value at RT in CCFA/MgO/CoFe junctions. The influence of post-growth annealing treatments and the use of metal (e.g., Cr, V) seed layers on the structural and magnetic properties are also investigated. After deposition, the Heusler films can be annealed in-situ up to 873 K. The stoichiometry is checked ex-situ by secondary ions mass spectroscopy (SIMS). We find that the composition of our films is similar to the target compositions.
Experiment
The structure of the Heusler films is identified ex-situ by x-ray diffraction (XRD). Small-angle x-ray reflectivity (XRR) measurements are performed to determine the film thickness and to calibrate the sputtering rates. The Otherwise we cannot observe any crystalline peaks in the XRD spectra, except for a broad (022) reflection on top of an amorphous background. A uniform distribution of grains with an average diameter of 40 nm is observed in Fig. 2 (a). On the contrary, when vanadium is used as a seed layer, the grains' size is not as uniform and the roughness increases to ≈ 1.0 nm.
The strain induced by the large lattice mismatch between vanadium and the CCFA Heusler film might be an explanation for these observations.
Temperature is an important parameter in optimizing the structural and magnetic properties of Heusler compounds. Co-based alloy films, as for example Co 2 MnSi, Co 2 MnGe, and Co 2 MnSn, with ordered crystallographic structure could only be obtained by growing [7] or annealing [8] at relatively high temperatures above 700 K.
Our CCFA films grow with good crystalline order already at RT. In order to study the influence of temperature on the structure and magnetic properties, we perform in-situ post-growth annealing experiments. The in-situ annealing treatment at temperatures up to 773 K has only little influence on the crystallographic structure of our films.
We only observe a slight increase in the intensity of the diffraction peaks. On the other hand, changes in the magnetic properties are observed and will be discussed in Sec- In-plane φ-scan through the (400) peaks of CCFA.
MgO (001) 
Magnetic characterization
Our CCFA Heusler films display a soft ferromagnetic behavior. In the inset of in the range from 5 to 7 mT. These findings are in agreement with results from FMR measurements of our CCFA samples performed by Rameev et al. [19] .
The measured magnetic moments per formula unit are small compared to the theoretical value for ordered CCFA with L2 1 structure, which is 3.8 µ B /f.u. [6] . On the other hand, our values are comparable to the data reported for films grown at elevated temperatures [16, 17] . These authors also found a reduced experimental magnetic moment as compared to the calculated moment for Cr-containing samples. Only the magnetic moment of Co 2 FeAl reaches the predicted value of 4.9 µ B /f.u. [20] . Moreover, even the magnetic moment measured in bulk samples is smaller than the calculated one [21, 22] . It is generally recognized that the magnetic moments and the degree of spin polarization are critically dependent on the chemical disorder [23] . Despite the fact that our CCFA Heusler films have a rather good crystallographic order, site disorder seems to 
Transport properties
Resistivity measurements with the current flowing in the plane of the sample reveal a metallic behavior, with the resistivity increasing with increasing temperature as shown in Fig. 7 for a 50 nm-thick CCFA film covered with 3 nm of AlO x . The residual resistivity at 10 K is quite low, ≈ 10 −5 Ωcm, and the temperature dependence is rather weak. This anomalous behavior of the temperaturedependent resistivity has also been observed in Ni-based
Heusler compounds, and it was interpreted as a characteristics of disordered metallic systems [24] . Recently, relatively high TMR ratios have been obtained using Co-based full-Heusler alloy thin films, i.e. The measurement is performed at RT and yields a magnetoresistance of 37%.
In Fig. 8 we show the magnetoresistance curve measured at RT. The TMR ratio defined as TMR = (R AP − R P )/R P , where R AP and R P are the resistances for the antiparallel and parallel magnetization configurations, respectively, reaches 37%. The resistance-area product is about 100 kΩµm 2 . This is a relatively large value for structures comprising a ferromagnetic Heusler electrode. Further investigations of the magnetotransport properties of TMR structures grown with the optimized parameters reported in this work are in progress and will be detailed in an upcoming report [31] .
Summary
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